The glucoseoxidase-peroxidasesystem for the enzymatic determination of glucose was investigated with respect to the instability of the enzyme reagent, the buffering capacity of the reaction milieu, and the stability and sensitivity of the final chromogen. An improved procedure was developed in which the enzyme solution is both stabilized and more adequately buffered by reconstitution in 40% aqueous glycerol containing 0.04 M phosphate buffer, pH 7.0. The sensitivity and stability of the colored product is markedly increasedwhen a final sulfuric acid concentration of 4.9 N is used.
A SIGNIFICANT ADVANCE toward the specific determination of glucose was developed by Keston (1) in 1956 by employing the simultaneous use of two enzymes, glucose oxidase and peroxidase.
In this system glucose oxidase catalyzes the oxidation of glucose, by molecular oxygen, to gluconic acid and hydrogen peroxide.
The hydrogen peroxide formed in the presence of peroxidase and a chromogenic hydrogen donor, such as o-dianisidine, forms a colored substance that is stoichiometrically related to the amount of original glucose. It first became convenient to use this system routinely when its components became available commercially.* The reagent is supplied in two vials, one containing the lyopholyzed enzymes and 0.005 M phosphate buffer, pH 7.0, and a second vial containing the solid chromogen, o-dianisidine.
As stated in the manufacturer's brochure, the directions are flexible in that volumes of reagent used and time of incubation are not critical, but may be altered somewhat to the convenience of the analyst. The present commimication presents an improved procedure evolved from a critical evaluation of the glucose oxidase-peroxidase reaction.
This method is quite simple and advantageous for routine clinical usage. Its accuracy and precision are excellent, surpassing results obtained with more commonly used nonenzymatic methods.
Experimental
Existing methods for glucose employing enzyme reactions (1-4) generally suffer from one or more of the following disadvantages:
1. The final reagent is not stable. The aqueous reagent acquires an amber color upon standing, which is but partially retarded by refrigeration.
However, when the reagent is warmed to room temperature and recooled, as is the case when used routinely, the color deepens within several days. A 40% aqueous solution of glycerol was found to stabilize the reagent markedly, and yet was not too viscous to pipet conveniently.
2. The buffering capacity of the reagent is sufficient only for filtrates or solutions that are approximately neutral. For instance, benzoic acid, commonly used as a preservative for glucose standard solutions, gives erroneous results due to a lowering of the optimum pH of 7.0 of the combined enzymatic reaction. The pH of a saturated benzoic acid solution is 3.2 and when added to the reagent may change the pH of the reaction to as low as 4.3, depending upon the relative volumes of each used. Although benzoate does not inhibit the enzyme system per se, the acidic pH slows the rate of the reaction. In a typical experiment, a standard dissolved in saturated benzoic acid gave an absorbance only 70% of an aqueous standard of equal concentration. With the incorporation of a 0.04 M phosphate buffer in the 40% aqueous glycerol diluent, the reagent maintains the optimum pH of 7.0 in the presence of saturated benzoic acid solution.
3. Finally, current methods do not exploit to the greatest advantage the maximum color obtainable from the oxidized o-dianisidine formed during the reaction. The colored product of o-dianisidine is itself an acid-base indicator.
As illustrated in Fig. 1 , the addition of small amounts of acid changes the color from amber to yellow, (Curve 2 versus Curve 1). Saifer (3) has claimed that a final acid concentration of 0.06 N gives optimal color at approximately 400 m (Curve 2). Only one reference (4) Ten milliliters of this solution should exactly neutralize 10 ml. of the 5% zinc sulfate solution using phenolphthalein as an indicator (5). Buffered glycerol. To 600 ml. of 0.04 M phosphate buffer, pH 7.0, (3.48 gm. Na2HPO4 and 2.12 gm. KILPO4 per liter) add 400 ml. of glycerol and mix. (This solvent has been kept in a refrigerator for more than a month without any evidence of microbial contamination.)
"Glucostat" reagent. Dissolve the contents of the smaller vial, which contains the o-dianisidine, in 1 ml. of absolute methanol. Dissolve the contents of the second vial in a final volume of 98 ml. of buffered glycerol contained in a 100 ml. ground-glass-stoppered cylinder.
Add the methanolic o-dianisidine to this enzyme solution and dilute the mixture to 100 ml. with buffered glycerol.
This reagent is stable for long periods when stored either in a refrigerator or freezer. The freezing point of the reagent is so low that it does not solidify in a freezer.
Sulfuric acid solution.
Cautiously mix 200 ml. of concentrated reagent-grade sulfuric acid with 1000 ml. of distilled water. Determine the absorbancies at a wave length of 540 mt against the blank tube. The pink color may be determined immediately and is stable for at least 12 hours. With a Beckman Model B Spectrophotometer,* the color obeys Beer's Law up to at least 0.045 mg. glucose, i.e., 450 mg./100 ml. based on the preparation of a 1:10 Somogyi ifitrate. Discussion
The method has been in extensive use for more than 8 months and, in agreement with previous investigators (1, 3), the results have been consistent with those obtained using the Somogyi-Nelson procedure. However, the precision of the enzymatic method is better than that of the Somogyi-Nelson.
As a measure of the precision, 80 blood samples were analyzed in duplicate.
The standard deviation of a single determination was 1.8 mg. glucose/100 ml., and the average difference between duplicates was 2.2 mg. glucose/100 ml.
